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 $QDO\VLVRIWKHH[SHULPHQWDOGDWD
 (OHFWURGH:HDU5DWLR
$PRGHOIRUWKH(:5ZDVREWDLQHGE\DQDO\]LQJWKHGDWDSUHVHQWHG LQWDEOHDQGLVJLYHQEHORZDVHTXDWLRQ
DIWHUHOLPLQDWLQJDOOWKHLQVLJQLILFDQWSDUDPHWHUV
ൌ െ͹ǤͶͻ ൅ ሺͲǤ͵ͻ͹ ൈ ሻ ൅ ሺͲǤͲͲͳͶͳ ൈ ሻ ൅ ሺͲǤͷͺͳ ൈ ሻ ൅ ͲǤʹ͵ʹ ൈ െ ሺͲǤͲʹͶͳ ൈ ሻ െ
ሺͶ ൈ ͳͲ ൈ ሻ െ ሺͲǤͲͲͳͺ͸ ൈ ሻ 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)LJXUHD 3HUFHQWDJHFRQWULEXWLRQRIWKHIDFWRUVRQ(:5E 0DLQHIIHFWVSORWVIRU(:5
$129$ZDVXVHG WRFKHFN WKHDGHTXDF\RI WKHGHYHORSHGPRGHO7KH)UDWLRRI WKHSUHGLFWLYHPRGHO 
ZDVFRPSDUHGZLWKWKHVWDQGDUGWDEXODWHGYDOXHRIWKH)UDWLR  IRUDVSHFLILFFRQILGHQFHLQWHUYDO7KHDQDO\VLV
UHYHDOHGWKDWWKHPRGHOLVDGHTXDWHDQGODFNRIILWZDVLQVLJQLILFDQW3HUFHQWDJHFRQWULEXWLRQVIRUHDFKWHUPRIWKH
PRGHODUHVKRZQLQILJXUHD7KHILJXUHVKRZVWKDWGLVFKDUJHFXUUHQWSXOVHRQWLPHDQG GXW\F\FOHDUHWKHPRVW
LQIOXHQWLDOSDUDPHWHUVDIIHFWLQJ(:5)LJXUHEGLVSOD\VWKHPDLQHIIHFWSORWVIRU(:5,WFDQEHVHHQWKDW(:5
LQFUHDVHVZLWKLQFUHDVHLQGLVFKDUJHFXUUHQW,WLVREVHUYHGWKDW(:5UHGXFHVZLWKLQFUHDVHLQSXOVHRQWLPH(:5
VKRZHGDQLQFUHDVHZLWKGXW\F\FOH,WFDQEHVHHQIURPILJXUHD	EWKDWWKHJDSYROWDJHGRHVQRWLQIOXHQFHWKH
(:5
)LJXUH D VKRZV WKH HIIHFW RI GLVFKDUJH FXUUHQW RQ WKH YDOXH RI (:5 7KH VXUIDFH SORW UHYHDOV WKDW (:5
LQFUHDVHV ZLWK GLVFKDUJH FXUUHQW 7KLV PD\ EH GXH WR WKH IRUPDWLRQ RI WKH HOHFWULFDO GLVFKDUJH FROXPQ LQ WKH
PDFKLQLQJ JDS ZKLFK QRW RQO\ UHPRYHV WKH XQZDQWHG ZRUNSLHFH PDWHULDO EXW LW DOVR ZHDUV RXW WKH HOHFWURGH
,QFUHDVH LQ WKHGLVFKDUJHFXUUHQWFDXVHVPRUHHOHFWULFDOGLVFKDUJHHQHUJ\ WREHFRQGXFWHG LQWR WKHPDFKLQLQJJDS
WKHUHE\ LQFUHDVLQJ WKH (:55DKPDQ HWDO7KHHIIHFW RIGXW\F\FOHRQ WKHYDOXHRI(:5LVSUHVHQWHG LQ
ILJXUHE,WVKRZVWKDWWKHYDOXHRI(:5LQFUHDVHVZLWKDQLQFUHDVHRIWKHGXW\F\FOH$QLQFUHDVHLQGXW\F\FOH
OHDGV WR JHQHUDWLRQ RI KLJKHU VSDUN HQHUJ\ ZKLFK FDXVHV DQ LQFUHDVH RI HOHFWURGHZHDU 3DWHO HW DO 7KLV
LQFUHDVHRIHOHFWURGHZHDUHYHQWXDOO\UHVXOWHGLQWRKLJKHU(:57KHHIIHFWRISXOVHRQWLPHRQWKHYDOXHRI(:5LV
SUHVHQWHGLQILJXUHF,WLVREVHUYHGWKDWDQLQFUHDVHLQSXOVHRQWLPHGHFUHDVHVWKHYDOXHVRIHOHFWURGHZHDUUDWLR
7KLVLVGXHWRWKHIDFW WKDWWKHGLDPHWHURIWKHGLVFKDUJHFROXPQLQFUHDVHVZLWKWKHSXOVHGXUDWLRQZKLFKUHGXFHVWKH
HQHUJ\GHQVLW\RIWKHHOHFWULFDOGLVFKDUJHRQWKHGLVFKDUJHVSRW,WKDVDOVREHHQUHSRUWHGWKDWDWORQJHUSXOVHRQWLPH
WKHFDUERQ IURPWKHGHFRPSRVLWLRQRIK\GURFDUERQEDVHGGLHOHFWULF OLTXLGGHSRVLWVRQ WKHVXUIDFHRI WKHHOHFWURGH
&KHQ DQG 0DKGDYLDQ7KLVGHSRVLWHGOD\HULQFUHDVHVWKHZHDUUHVLVWDQFHRIWKHHOHFWURGHDQGUHGXFHV(:5
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)LJXUH5HVSRQVHVXUIDFHVIRU(:5
 0DWHULDO5HPRYDO5DWH
$PRGHOIRUWKHPDWHULDOUHPRYDOUDWHZDVREWDLQHGE\DQDO\]LQJWKHGDWDSUHVHQWHGLQWDEOHDQGLVJLYHQEHORZ
DV HTXDWLRQDIWHUHOLPLQDWLQJDOOWKHLQVLJQLILFDQWSDUDPHWHUV
ൌ ͳʹͳ ൅ ሺʹǤͺͻ ൈ ሻ െ ሺͲǤͲͺͷͶ ൈ ሻ െ ሺͷͲ ൈ ሻ െ ͵Ǥͷ ൈ െ ሺͲǤͷͺʹ ൈ ሻ ൅ ሺͲǤͲͲͲͳͷ͸ ൈ ሻ ൅
ሺ͹ͳǤʹ ൈ ሻ ൅ ͲǤͲ͵ʹ͸ ൈ ൅ ሺͳͲ ൈ ൈ ሻ ൅ ሺͲǤͲͶͻͳ ൈ ൈ ሻ െ ͲǤͻͻͺ ൈ ൈ 
$129$ZDVXVHGWRFKHFN WKHDGHTXDF\RIWKHGHYHORSHGPRGHO 7KH)UDWLRRIWKHSUHGLFWLYHPRGHO 
ZDVFRPSDUHGZLWKWKHVWDQGDUGWDEXODWHGYDOXHRIWKH)UDWLR  IRUDVSHFLILFFRQILGHQFHLQWHUYDO 7KHDQDO\VLV
UHYHDOHGWKDWWKHPRGHOLVDGHTXDWHDQGODFNRIILWZDVLQVLJQLILFDQW3HUFHQWDJHFRQWULEXWLRQVIRUHDFKWHUPRIWKH
PRGHODUHVKRZQLQILJXUHD7KHILJXUHVKRZVWKDWGLVFKDUJHFXUUHQWSXOVHRQWLPHDQGGXW\F\FOHDUHWKHPRVW
LQIOXHQWLDOSDUDPHWHUVDIIHFWLQJ055)LJXUHEGLVSOD\VWKHPDLQHIIHFWSORWV IRU055,WFDQEHVHHQWKDW055
LQFUHDVHVZLWKGLVFKDUJHFXUUHQW ,WLVDOVRREVHUYHGWKDW055LQFUHDVHVZLWKSXOVHRQWLPH)XUWKHULWFDQDOVREH
REVHUYHGWKDWLQFUHDVHLQWKHGXW\F\FOHLQFUHDVHV055 ,WFDQEHVHHQIURPILJXUHD	EWKDWWKHJDS YROWDJHLV
QRWDVLJQLILFDQWSDUDPHWHUWRLQIOXHQFH055
)LJXUHD VKRZVWKHHIIHFWRIGLVFKDUJHFXUUHQWRQ055055LQFUHDVHVZLWKWKHLQFUHDVHLQGLVFKDUJHFXUUHQW
7KLVFRXOGEHGXH WRDQ LQFUHDVH LQERWK GLDPHWHUDQG WKHGHSWKRI WKHFUDWHUV DVZHOO DVGLVFKDUJHHQHUJ\DW WKH
GLVFKDUJHSRLQW WR LPSURYH WKH UDWHRIPHOWLQJDQGHYDSRUDWLRQ 7KHHIIHFWRIGXW\F\FOHRQ WKHYDOXHRI055 LV
SUHVHQWHGLQILJXUHE ,WFDQEHVHHQWKDWDQLQFUHDVHLQWKHGXW\F\FOHOHDGVWRLQFUHDVHRIWKH0557KHLQFUHDVH
RIGXW\F\FOHHIIHFWLYHO\PHDQVDSSO\LQJ WKHGLVFKDUJH IRUD ORQJHUGXUDWLRQDQG WKLVFDXVHVDQ LQFUHDVH LQ055
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7KHHIIHFWRISXOVHRQWLPHRQWKHYDOXHRI055LVSUHVHQWHGLQILJXUHF,WFDQEHVHHQWKDW055GHFUHDVHVZLWK
WKH LQFUHDVH LQSXOVHRQ WLPH LQLWLDOO\EXWDIWHUDFHUWDLQYDOXHRISXOVHRQ WLPH LW LQFUHDVHV'XH WR ORZHU LQLWLDO
GLVFKDUJH HQHUJ\ VRPH RI WKH PHOW PDWHULDO UHVROLGLILHV RQ WKH ZRUN SLHFH ZKLFK OHDGV WR GHFUHDVH LQ 055
+RZHYHUDIWHUDFHUWDLQYDOXHRISXOVHRQWLPHLQFUHDVHLQWKHGLVFKDUJHHQHUJ\FRQGXFWHGLQWRWKHPDFKLQLQJJDS
ZLWKLQDVLQJOHGLVFKDUJHFDXVHVWKH055WRLQFUHDVH &KLDQJ 
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)LJXUH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D 3HUFHQWDJHFRQWULEXWLRQRIWKHIDFWRUVRQ055E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 6XUIDFH5RXJKQHVV
$PRGHOIRUWKHVXUIDFHURXJKQHVVZDVREWDLQHGE\UHJUHVVLRQDQDO\VLVRIWKHGDWDSUHVHQWHGLQWDEOHDQGLV
JLYHQEHORZDVHTXDWLRQDIWHUHOLPLQDWLQJDOOWKHLQVLJQLILFDQWSDUDPHWHUV
ൌ െͳͲǤ͸ ൅ ͳǤͳ͵ ൈ െ ሺͲǤͲͲͲͺʹ ൈ ሻ ൅ ሺͶǤʹʹ ൈ ሻ ൅ ͲǤʹͺͷ ൈ െ ሺͲǤͲͻ͸ͻ ൈ ሻ ൅ ሺͷ ൈ ͳͲ ൈ
ሻ െ ሺ͵Ǥͺͳ ൈ ሻ െ ሺͲǤͲͲʹͶ ൈ ሻ 
$129$ZDVXVHG WRFKHFN WKHDGHTXDF\RI WKHGHYHORSHGPRGHO 7KH)UDWLRRI WKHSUHGLFWLYHPRGHO 
ZDVFRPSDUHGZLWKWKHVWDQGDUGWDEXODWHGYDOXHRIWKH)UDWLR  IRUDVSHFLILFFRQILGHQFHLQWHUYDO 7KHDQDO\VLV
UHYHDOHGWKDW WKHPRGHOLVDGHTXDWHDQGODFNRIILWZDVLQVLJQLILFDQW3HUFHQWDJHFRQWULEXWLRQVIRUHDFKWHUPRIWKH
PRGHODUHVKRZQLQILJXUHD7KHILJXUHVKRZVWKDWGLVFKDUJHFXUUHQWDQGSXOVHRQWLPHDUHWKHPRVWLQIOXHQWLDO
SDUDPHWHUV DIIHFWLQJ65)LJXUHEGLVSOD\V WKHPDLQ HIIHFW SORWV IRU65 ,W FDQEH VHHQ WKDW65 LQFUHDVHVZLWK
GLVFKDUJHFXUUHQW ,WLVDOVRREVHUYHGWKDW65LQFUHDVHVZLWKSXOVHRQWLPH ,WFDQEHVHHQIURPILJXUHD	EWKDW
GXW\F\FOHDQGJDSYROWDJHGRHVQRWDIIHFWWKH65
)LJXUH VKRZVWKHHIIHFWRISXOVHRQWLPHDQGGLVFKDUJHFXUUHQWRQVXUIDFHURXJKQHVV7KHVXUIDFHSORWUHYHDOV
WKDW VXUIDFH URXJKQHVV LQFUHDVHVZLWK GLVFKDUJH FXUUHQW$V WKH GLVFKDUJH FXUUHQW LQFUHDVHV WKH GLVFKDUJH HQHUJ\
GHQVLW\DQGWKHLPSXOVLYHIRUFHLQFUHDVHDQGUHVXOWVLQWKHIRUPDWLRQRIGHHSHUDQGODUJHUGLVFKDUJHFUDWHUVZKLFKLQ
WXUQLQFUHDVHVVXUIDFHURXJKQHVV,WFDQEHIXUWKHUREVHUYHGWKDWLQFUHDVHLQSXOVHRQWLPHZLWKLQFUHDVHLQGLVFKDUJH
FXUUHQWLQFUHDVHVWKH VXUIDFHURXJKQHVV7KLVLVGXHWRWKHH[SDQVLRQRISODVPDFKDQQHOZLWKDQLQFUHDVHLQSXOVHRQ
WLPH3DQGH\ DQG -LODQLZKLFKUHGXFHVERWKHQHUJ\GHQVLW\DQGWKHLPSXOVLYHIRUFH$VDUHVXOWWKHPHOWHG
GHEULVFDQQRWEHUHPRYHGFRPSOHWHO\OHDGLQJWRLQFUHDVHLQWKHVXUIDFHURXJKQHVV
D E
)LJXUHD 3HUFHQWDJH FRQWULEXWLRQRIWKHIDFWRUVRQ65E 0DLQHIIHFWVSORWVIRU65
)LJXUH5HVSRQVHVXUIDFHIRU65
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 0HFKDQLVPRIPDWHULDOUHPRYDOLQ ('0 ZLWKFU\RJHQLFDOO\FRROHGHOHFWURGH
0JUDGHRIKLJKVSHHGVWHHOKDVJRRGHOHFWULFDOFRQGXFWLYLW\DQGVRLVHDVLO\ PDFKLQDEOHE\('05RHWKHOHWDO
 UHSRUWHGWKDWGXULQJHOHFWULFGLVFKDUJHPDFKLQLQJWKHPDWHULDOFDQEHWUDQVIHUUHGEHWZHHQWKHHOHFWURGHVLQ
VROLGPROWHQRUJDVHRXVVWDWHVLPXOWDQHRXVO\(';ZDVSHUIRUPHGRQWKH('0HGVXUIDFHOD\HUIRUWKH0JUDGH
KLJKVSHHGVWHHOPDFKLQHGE\FU\RJHQLFDOO\FRROHGHOHFWURGH,WLVHYLGHQWWKDW)H&:0R&UDQG9DUHWKHPDLQ
FRQWHQWVLQWKHUHVROLGLILHGOD\HUDVVKRZQLQWDEOH7KHSUHVHQFHRI&XKDVQRWEHHQREVHUYHGLQWKHUHVROLGLILHG
OD\HU7KLVLPSOLHV WKDWWKHUHLVDEVHQFHRIDQ\YLVLEOHHOHFWURGHPDWHULDOWUDQVIHUWRWKHZRUNSLHFHVXUIDFHGXULQJ
WKHHOHFWULFDOGLVFKDUJHPDFKLQLQJSURFHVV
7DEOH&KHPLFDOFRPSRVLWLRQZWRI0JUDGH+LJK6SHHG6WHHODIWHUPDFKLQLQJ
& 9 &U 0R : )H
     5HVW
$FRPSDULVRQRI WKHSHUFHQWDJH FRQVWLWXHQWV RIZRUNSLHFHEHIRUHPDFKLQLQJ JLYHQ LQ WDEOH DQGPDFKLQHG
ZRUNSLHFHJLYHQLQWDEOHVKRZV WKDWWKHUHLVDODUJHHQULFKPHQWLQFDUERQFRQWHQWLQWKHZKLWHOD\HUZLWKUHVSHFW
WRWKHEDVHPDWHULDO 7KHGUDVWLFLQFUHDVHRIFDUERQRYHUWKHPDFKLQHGVXUIDFHZDVGXHWRWKHGHSRVLWLRQRIFDUERQ
VHSDUDWHGIURPWKHFRQVXPHGNHURVHQHGLHOHFWULFPHGLXPPDLQO\DVDUHVXOWRIGLHOHFWULFFUDFNLQJ 0DPDOLV HWDO
7KHUHDUH WKUHH WKHRULHVRIPDWHULDO UHPRYDOPHFKDQLVPKDYHEHHQSURSRVHGRQ WKHEDVLVRIH[SHULPHQWDO
UHVXOWV KLJK WHPSHUDWXUH WKHRU\ WKHUPDO HOHFWURWKHUPDO PHFKDQLVP VWDWLF ILHOG WKHRU\ HOHFWURPHFKDQLFDO
PHFKDQLVPDQGKLJKSUHVVXUH WKHRU\ 0LVKUD +RZHYHU WKHKLJK WHPSHUDWXUH WKHRU\ LVZLGHO\DFFHSWDEOH
ZKLFK FDQ WDNH FDUH WR H[SODLQ WKHPDMRU SRUWLRQRI WKH VWRFN UHPRYDO SKHQRPHQRQ LQ('07KLV LQGLFDWHV WKDW
PDWHULDOUHPRYDOLVPDLQO\GXHWRPHOWLQJDQGHYDSRUDWLRQ&U\RJHQLFFRROLQJLQWKHSUHVHQWH[SHULPHQWDOZRUNKDV
UHGXFHG055DQG (:5 ILJXUH ZKLFKDJDLQVXSSRUWVWKHDSSOLFDELOLW\RIKLJKWHPSHUDWXUHWKHRU\LQ('07KHUH
ZDVPLQRUDPRXQWRIR[\JHQIRXQGLQWKHVDPSOHVDIWHUPDFKLQLQJ7KHUHIRUHLWFDQEHFRQFOXGHGWKDW WR
VRPHH[WHQWPDWHULDOUHPRYDOLVDOVRGXHWRR[LGL]DWLRQDQGGHFRPSRVLWLRQ6LPLODUREVHUYDWLRQVKDYHEHHQUHFRUGHG
E\0DPDOLVHWDO  IRU('0RIVWHHODQG3DWHOHWDO IRU('0RIFHUDPLFV
D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)LJXUH &RPSDULVRQ EHWZHHQ FRQYHQWLRQDO('0SURFHVVDQG&('0SURFHVV IRUD(:5E055
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